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Background: Our objectives were to evaluate the utility of electronic hand hygiene counting devices in
outpatient settings and the impact of results feedback on physicians’ hand hygiene behaviors.
Methods: We installed 130 electronic hand hygiene counting devices in our redesigned outpatient de-
partment. We remotely monitored physicians’ hand hygiene practices during outpatient examinations
and calculated the adherence rate as follows: number of hand hygiene counts divided by the number of
outpatients examined multiplied by 100. Physician individual adherence rates were also classiﬁed into
4 categories.
Results: Two hundred and eighty physicians from 28 clinical departments were monitored for 3 months.
The overall hand hygiene adherence rate was 10.7% at baseline, which improved signiﬁcantly after feed-
back to 18.2% in the third month. Of the clinical departments, 78.6% demonstrated signiﬁcant improvement
in hand hygiene compliance. The change in the percentage of physicians in each category before and after
feedback were as follows: very low (84.3% to 72.1%), low (8.6% to 14.3%), moderate (2.9% to 8.9%), and
high (4.3% to 4.6%), from the ﬁrst to third month, respectively. Based on category assessment, 17.1% of
physicians were classiﬁed as responders.
Conclusions: Physicians’ adherence to hand hygiene practices during outpatient examinations was suc-
cessfully monitored remotely using electronic counting devices. Audit and feedback of adherence data
may have a positive impact on physicians’ hand hygiene compliance.
© 2016 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier
Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Good hand hygiene practice is recognized as one of the most im-
portant ways to reduce pathogen transmission and prevent health
care–associated infection (HCAI).1-3 Despite the relative simplicity
of this procedure, adherence to hand hygiene recommendations has
remained low in most hospitals, with physicians being poorly
compliant.4-6
Systematic literature reviews have shown that audits (periodic
performance measurements) followed by comparative feedback on
performance are generally effective for stimulating improvement
at both the provider and organization levels, particularly when base-
line performance levels are low.7,8 Threemainmethods formeasuring
hand hygiene compliance include direct observation, measuring
product use, and conducting surveys, each of which has associ-
ated advantages and disadvantages.1,2,9
Assessment of hand hygiene compliance by a validated observer
(direct observation) is currently considered the gold standard in hand
hygiene compliance monitoring. It is the only method available to
detect all occurring hand hygiene opportunities and actions and to
assess the number of times and appropriate timings when hand
hygiene action would be required in the sequence of care. However,
directobservation is labor intensiveandexpensive, requiring thecareful
selection and training of the observers, and can also inﬂuence the
behavior of those aware of being observed (Hawthorne effect).
Measuring the amount of alcohol-based handrub is an indirect
way of estimating the adherence of health care workers (HCWs) to
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hand hygiene guidelines. The advantages of this method are that
it is simple to execute, it can be continuously monitored, and it can
provide an overall picture that remains unaffected by observer bias.
However, measuring product use does not reveal whether HCWs
are performing hand hygiene actions when it is indicated or whether
they are performing it correctly.
An alternative to measuring the amount of hand hygiene product
used is to use automated tools, including electronic counting devices
or electronic monitoring systems. Wireless devices placed inside
handrub dispensers can provide useful information regarding fre-
quency patterns of hand hygiene actions. These methods allow
precise quantitative results on hand hygiene activity to be ob-
tained, with the only costs being the installation and maintenance
of the system.1,2 Some studies have attempted to measure hand
hygiene compliance using such electronic counting devices in-
stalled in patient rooms and in corridors.10,11 Although an automated
system can electronically calculate alcohol-based handrub use by
detecting when and which dispenser lever is pressed, the system
does not yield contextual information about the user and the cir-
cumstances (timing) of hand hygiene activity. In contrast, electronic
counting devices installed in outpatient settings can estimate hand
hygiene compliance among physicians based on the number of out-
patients and the physicians using the examination rooms.
Accordingly, our objectives were to evaluate the utility of elec-
tronic counting devices in assessing physicians’ hand hygiene
compliance in outpatient settings and the impact of performance
feedback on physicians’ hand hygiene behaviors.
METHODS
This study was conducted at the Mie University Hospital, a 685-
bed educational hospital, in Japan. There were 1,300-1,650 outpatient
visits per day. We have routinely measured the amount of alcohol-
based handrubs and soaps used in the hospital wards; however, we
have not monitored hand hygiene performance in outpatient set-
tings.When our outpatient department was redesigned inMay 2015,
a total of 130 electronic counting devices (Hand Hygiene Monitor-
ing System Compleo-IO; Saraya, Osaka, Japan) were installed, one
on each of the desks in the examination rooms on 3 different ﬂoors.
In our hospital, physicians examine patients by themselves in the
outpatient examination rooms without the assistance of other staff,
such as medical assistants and nurses. Because the counting devices
were installed on a desk on the opposite side of the patient’s chair,
the hand hygiene dispenser was not accessible to patients. There-
fore, only physicians examining a patient in the room could use the
hand hygiene dispenser. However, physicians’ hand hygiene via soap
and water, or hand hygiene conducted via a handrub dispenser
located outside of the examination room, could not be captured using
these devices.
Study design
Hand hygiene monitoring using electronic counting devices in
outpatient settings was started from September 2015. Baseline data
were collected for 1 month (September 2015) before notice was
given. Monthly hand hygiene adherence rates of each clinical de-
partment were calculated and reported at the monthly directors’
meeting. The information was shared with colleagues in the clin-
ical department by each director. In this study, data from the ﬁrst
3 months (September-November 2015) of monitoring were ana-
lyzed, and the initial effect of audit and feedback on physician hand
hygiene compliance using electronic counting devices was evaluated.
Overall hand hygiene compliance in outpatient settings was ana-
lyzed at the hospital and clinical department levels. Individual
physician hand hygiene compliance was also analyzed before and
after feedback. We assumed that each room was used by one in-
dividual physician, even if multiple physicians shared the room in
a day. Physicians examining <10 patients in 1 month, and physi-
cians who were transferred to another hospital during the study
period, were excluded.
The study was approved by the Institutional Ethical Commit-
tee of Mie University Graduate School of Medicine (no. 1624).
Electronic counting devices and calculation of adherence rates
The electronic counting device, Hand HygieneMonitoring System
Compleo-IO, places a wireless device under a handrub dispenser
and transmits information wirelessly about the dispenser lever
pressed to a nearby computer, which then automatically sums the
amount of alcohol-based handrub used in that room.
Hand hygiene adherence rates in this study were calculated by
modifying an “all-or-none adherence measurement.”1 In most cases
in our outpatient setting, a physician examines patients sequen-
tially, and the opportunity for a hand hygiene action after patient
contact and before patient contact may refer to the same time frame.
Therefore, it was assumed that for each outpatient examination, at
least one hand hygiene action should be performed during the ex-
amination. Hand hygiene counts per room in a day were collected
by the electronic counting devices, and the number of patients ex-
amined in a room on each day was obtained from visit records.
Therefore, hand hygiene adherence rates were calculated as follows:
the number of hand hygiene counts divided by the number of out-
patients examinedmultiplied by 100. Individual physician adherence
rates were also assessed by classiﬁcation into 4 categories: very low
(0% to <25%), low (25% to <50%), moderate (50% to <75%), and high
(75%-100%).
Statistical analysis
Statistical analyses were performed using SPSS version 22 (SPSS
Benelux, Gorinchem, The Netherlands). Categorical variables were
compared by Pearson χ2 test. P < .05 was considered statistically
signiﬁcant.
RESULTS
Characteristics of the study population
Two hundred and eighty physicians were monitored and evalu-
ated for their hand hygiene compliance for 3 months across 28
clinical departments (15 nonsurgical departments, including car-
diology, gastroenterology and hepatology, pulmonology, nephrology,
hematology, oncology, diabetes and endocrinology, family medi-
cine, neurology, pediatrics, psychiatry, diagnostic radiology, radiation
therapy, anesthesiology and pain clinic, and interventional radiol-
ogy, and 13 surgical departments, including gastroenterologic
surgery, hepatobiliary pancreatic transplant surgery, respiratory
surgery, cardiovascular surgery, breast center, pediatric surgery, or-
thopedic surgery, obstetrics and gynecology, dermatology, nephro-
urologic surgery, ophthalmology, otorhinolaryngology head and neck
surgery, and neurosurgery).
Baseline data were obtained through monitoring without prior
notice for 1 month, and hand hygiene adherence rates of each clin-
ical department were reported at the monthly directors’ meeting,
and monitoring was then continued.
Overall hand hygiene compliance before and after feedback
The overall hand hygiene adherence rate in outpatient settings
in our hospital was 10.7% at baseline, which improved signiﬁcantly
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after feedback to 13.2% and 18.2% at the second and third month,
respectively (Table 1).
Hand hygiene compliance trends were then evaluated by clin-
ical departments, as shown in Figure 1 as nonsurgical and surgical
departments. There was a wide range of hand hygiene adherence
rates across clinical departments, ranging from 0%-45.6% (median,
5.1%) at baseline. Twenty-two out of 28 clinical departments (78.6%)
demonstrated signiﬁcant improvement in their hand hygiene com-
pliance, with the hand hygiene rates ranging from 0%-56.1% (median,
16.1%) in the third month. Reasons for this improvement were
thought to be caused in part by the impact of general feedback at
the directors’ meeting and because of some departments (depart-
ments E, M, and f in Fig. 1) having a hand hygiene champion
physician from the infection control team who collaborated in this
project and could inﬂuence colleagues’ hand hygiene behaviors.
Individual physician hand hygiene compliance before and after
feedback
Median hand hygiene adherence rates among physicians im-
proved from 1.5% at baseline to 7.2% in the third month. When
physicians were divided into nonsurgical and surgical depart-
ments, median hand hygiene adherence rates among physicians in
both nonsurgical and surgical departments improved from 2.0% and
1.0% at baseline to 8.4% and 6.7% in the third month, respectively.
Individual physician hand hygiene adherence rates were evalu-
ated using categorical analysis. As a whole, hand hygiene compliance
among physicians improved from baseline to the third month, re-
spectively, as follows: very low (84.3% to 72.2%), low (8.6% to 14.3%),
moderate (2.9% to 8.9%), and high (4.3% to 4.6%). Forty-eight out of
280 (17.1%) were considered as responders with category improve-
ment (Table 2).
DISCUSSION
This studymeasured hand hygiene compliance rates among phy-
sicians in outpatient settings using electronic counting devices and
evaluated the impact of performance feedback on physicians’ hand
hygiene behaviors.
Improving hand hygiene compliance among HCWs is impor-
tant to prevent HCAI, but it is not an easy task for infection control
practitioners. Measuring the frequency of hand hygiene actions is
one of the steps in hand hygiene improvement initiatives. Most
studies focusing on hand hygiene are targeted at inpatient set-
tings, and there have been relatively few intervention studies
performed in outpatient settings.12-14 Although the risk of HCAI in
outpatient settings might be lower than in inpatient settings, hand
hygiene compliance among physicians can be monitored more pre-
cisely and easily compared with inpatient settings when electronic
counting devices are used.
Overall baseline hand hygiene adherence rate (number of hand
hygiene counts/number of outpatients examined) using electron-
ic counting devices was low at 10.7% (2,221/20,662) in this study.
Previous studies performed in dermatology and glaucoma clinics
demonstrated that baseline hand hygiene adherence (attempts/
opportunities) measured by direct observation was 31.4% (174/555)
Table 1
Overall hand hygiene compliance in outpatient settings
Before
feedback After feedback
P value*
First month
(baseline)
Second
month
Third
month
No. of hand hygiene counts 2,221 2,892 3,630 <.05
No. of examined outpatients 20,662 21,937 19,995
Hand hygiene adherence rates (%) 10.7 13.2 18.2
NOTE. Hand hygiene adherence rates were calculated as the number of hand hygiene
counts divided by the number of outpatients examined multiplied by 100. Cate-
gorical variables were compared by Pearson χ2 test.
*P < .05 was considered statistically signiﬁcant.
Fig 1. Hand hygiene compliance trends by clinical departments. Nonsurgical departments are shown on the left and surgical departments on the right side. Departments
are displayed in sequential order according to the number of monthly averaged patients from the left (minimum) to the right (maximum). Nonsurgical departments are
abbreviated by a capital alphabetical letter and surgical departments by a small letter. The numbers of monthly averaged patients and physicians in each department are
shown under the department abbreviation. Hand hygiene adherence rates were calculated as the number of hand hygiene counts divided by the number of outpatients
examined multiplied by 100. Adherence rates in each department during 3 months were compared by the Pearson χ2 test. *P < .05 was considered statistically signiﬁcant.
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and 18% (44/249), respectively.13,14 Similarly, direct observation of
hand hygiene adherence performed in oncology and gastrointes-
tinal clinic was reported as 11% (74/684) and 21% (164/798) at
baseline, respectively.12 Direct comparison of results obtained in these
studies with the results of this studywas diﬃcult because the sample
sizes were relatively small and were performed only at 1 or 2 clinic
or department. Our study indicated that there were differences in
hand hygiene adherence rates among clinical departments and phy-
sician specialties. In addition, the previous 3 studies performed hand
hygiene monitoring using direct observation, whereas an electron-
ic monitoring system was used in this study. Direct observation,
considered as the gold standard in hand hygiene compliance moni-
toring, is the only method available to detect all occurring hand
hygiene opportunities, as described in the World Health Organiz-
ation’s My 5 Moments for Hand Hygiene. This method allows
observers to see who is (and who is not) performing hand hygiene
actions and also to assess hand hygiene techniques.1,2,9 However,
direct observation can be labor intensive, and it is almost impos-
sible to observe every physicians’ behavior in parallel, which can
encompass >100 examination rooms, as in our hospital. In addi-
tion, direct observationmay inﬂuence HCWs to change their behavior
during the observation period, and the privacy of patients must also
be considered.
In contrast, electronic counting devices applied in outpatient
settings, which was used in this study, can remotely monitor hand
hygiene activities in examination rooms and automatically provide
information on the amounts of alcohol-based handrub used per
room in a day through networked computers. By including infor-
mation on the number of patients examined in each room, the hand
hygiene adherence rates, calculated by the ratio of hand hygiene
counts to the number of patients examined, can be obtainedwithout
observation bias. Although this is not an actual observation and
timings of hand hygiene actions cannot be assessed, the data should
be reliable unless there is unnecessary use of the handrub dispens-
er by the physician. This study suggests that electronic counting
devices could be a novel useful method to assess physicians’ hand
hygiene practice in outpatient settings, especially in a large-scale
hospital.
To improve hand hygiene compliance, especially among physi-
cians, accurate audit and prompt feedback may invoke their sense
of responsibility for patient health andmotivate behavioral changes.
Furthermore, physicians should be aware of the importance and ne-
cessity of good hand hygiene practice, and there should be no valid
reason for poor results based on electronic counting devices. No phy-
sicians doubted our results; however, when we interviewed
physicians with poor hand hygiene, reasons for the apparent poor
hand hygiene included performance of hand hygiene using soap and
water or nonperformance of hand hygiene because of no physical
contact with the patient. In fact, the degree and necessity of direct
physical patient contact is different based on the context of the ex-
amination or characteristics of the clinical departments. These issues
were considered as limitations of this method.
We have not provided feedback about individual physicians’ com-
pliance rates in this study; instead, we have started the reporting
of monthly hand hygiene adherence rates for each clinical depart-
ment that takes place at the monthly directors’ meeting. As with
previous reports,1,12-15 audit and feedback of hand hygiene perfor-
mance resulted in a signiﬁcant increase in hand hygiene compliance
at the hospital, department, and individual physician levels. However,
our methods, based on compliance rate results, were insuﬃcient
for hand hygiene improvement initiatives because overall hand
hygiene compliance was still low at 18.2%, and only 17.1% of phy-
sicians were considered as responders after feedback. In Japan, the
infection control team, comprising several members of profes-
sions, such as physicians, nurses, pharmacists, and microbiologists,
has been popular to promote hospital infection control activities.
Physicians in the infection control team, coming from different clin-
ical departments, would play a key role in leading infection control
activities in their original clinical department as well and are ex-
pected to be the physician champions. In our hospital, some
physicians in the infection control team who collaborated in this
project worked as hand hygiene champions and could inﬂuence col-
leagues’ hand hygiene behaviors, therefore resulting in hand hygiene
compliance improvement (especially department f in Fig. 1). Because
there were only a small number of hand hygiene physician cham-
pions in our hospital, the effect of a physician champion was
inconclusive; however, assigning a champion in each department
might have a beneﬁcial inﬂuence on hand hygiene adherence among
physicians.
Hand hygiene improvement initiatives are complex and com-
posed of several strategies, such as education and training, audit
and feedback, reminders, use of multidisciplinary teams, and sys-
tematic performance improvement methods. However, without a
national benchmark, it is diﬃcult to determine appropriate goals.1
For continuous improvement of hand hygiene compliance, a change
in physician habits, and department and hospital culture, is needed.
Our new strategy is in its infancy, and this study is a report of an
innovative way to determine hand hygiene compliance using elec-
tronic counting devices and their initial effects. There were positive
responses to our new approaches, albeit in small degrees. Our
Table 2
Comparison of hand hygiene compliance among physicians using category assessment before and after feedback
After feedback (third month)
Total
(%)
Very low
(0% to < 25%)
Low
(25% to < 50%)
Moderate
(50% to <75%)
High
(75%-100%)
Before feedback (baseline) Very low
(0% to < 25%)
197 24 13 2 236
(84.3)
Low
(25% to < 50%)
5 12 7 0 24
(8.6)
Moderate
(50% to <75%)
0 2 4 2 8
(2.9)
High
(75%-100%)
0 2 1 9 12
(4.3)
Total (%) 202
(72.1)
40
(14.3)
25
(8.9)
13
(4.6)
280
NOTE. Physician individual adherence rates were classiﬁed into 4 categories: very low (0% to < 25%), low (25% to < 50%), moderate (50% to <75%), and high (75%-100%). The
number of physicians in each category before and after feedback is indicated. The change in the percentage of physicians in each category before and after feedback was as
follows: very low (84.3% to 72.1%), low (8.6% to 14.3%), moderate (2.9% to 8.9%), and high (4.3% to 4.6%), from the ﬁrst to third month, respectively. Based on category as-
sessment, 17.1% of physicians were classiﬁed as responders.
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method of audit and feedback of hand hygiene performance based
on electrical devices can be sustained in the long termwith less effort
and may serve as a driving force for habit and culture changes in
the hospital. However, to further improve hand hygiene compli-
ance, further intervention in addition to providing feedback about
adherence rates of each clinical department will be needed. As we
can continuously obtain hand hygiene adherence rate using elec-
tronic counting devices, future research should focus on the
effectiveness of other types of interventions in improving hand
hygiene compliance, including provision of feedback to physicians
about individual rates.
There are several limitations and issues that need to be ad-
dressed in this study. First, this electronic system could not determine
the actual user of the handrub dispensers in the examination rooms.
We assumed that a physician examining a patient in the room used
the handrub dispensers because another user was unlikely to in that
situation. Second, although the electronic monitoring system could
monitor physicians’ hand hygiene via a handrub dispenser in the
examination room, other hand hygiene episodes such as via soap
and water or hand hygiene conducted via a handrub dispenser
located outside of the examination room could not be captured,
which could have resulted in an underestimation of hand hygiene
compliance. Third, validation, such as comparison with direct ob-
servation, was not performed during this study. Instead, careful
conﬁrmation of data reliability was conducted. In cases where an
unrealistic high frequency count was observed, the physician was
interviewed for conﬁrmation. We spent several months to vali-
date data acquisition before starting this study. For example, if a
wireless network or a system computer had a problem, data from
certain areas would not be obtained. During this study period, there
was no technical events regarding the electronic system. Other con-
cerns of the electronic system included the dispenser running out
of battery and power failure in the hospital.
In conclusion, remote monitoring of physicians’ hand hygiene
performance during outpatient examinations in a large number of
physicians across many departments was successfully conducted
using electronic counting devices. Applying electronic devices to out-
patient settings, where users could be easily identiﬁed and the
denominator obtained, can overcome its disadvantages and has the
potential to be a useful tool for monitoring physicians’ hand hygiene
compliance. Audit and feedback of adherence data may positively
impact physicians’ hand hygiene compliance.
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